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Outline
• Introduction
– Document for NOAA National Calibration Center (NCC) Knowledge Base
(KB) – 63 references
– Traces the satellite sensor calibration development effort since 1970s
– Highlights important developments – the passion of researchers at the 3
agencies to improve satellite data usefulness and accuracy.
– Covers only solar reflective VIS/NIR and thermal infrared. No UV and
microwave covered in this document.

• Challenges and Solutions
– 1970s and 1980s
– 1990s
– 2000 to Present

• Summary – in Progress
– GOES-R as an example of implementation of Best Practice Guide lines …
SI traceability and Uncertainty Evaluation using GUM
– NCC and its Knowledge Base for 3 agency Interaction
– Lunar Radiometry (Effort at 3 agencies)

Introduction
– Document for NOAA National Calibration Center (NCC)
Knowledge Base – 63 references

http://ncc.nesdis.noaa.gov/
– Traces the satellite sensor calibration standards and
methodologies development effort since 1970s
– Highlights important developments –passion of
researchers and their managers at the 3 agencies to
improve satellite data usefulness and accuracy
– Covers only solar reflective VIS/NIR and thermal infrared.
No UV and microwave covered in this document.

Challenges and Solutions
1970s and 1980s
• Goal: Advance state of the art satellite
observations to get radiometric data to derive
products of atmospheric Science.
– NOAA/NESDIS and NASA
–TIROS (Television and Infrared Observation
satellite) Program
• Start of POES (Polar-orbiting Operational Environmental
Satellites): NOAA -6

POES
Advanced TIROS – N (ATN)
NOAA -8

Challenges and Solutions
1970s and 1980s

Challenge: Calibration
– AVHRR - 5 channels; 2 in VIS/NIR and 3 in
thermal IR : diverse applications of
Meteorology, climate and land use.
» No on-board calibration standard for VIS/NIR.
» On-board Internal BB for IR.

– TIROS Operational Vertical Sounder (TOVS) for
Atmospheric Temperature and Water vapor
» High Resolution Infrared Sounder (HIRS) and
Microwave Radiometers

Challenges and Solutions
1970s and 1980s

NIMBUS – 7 Satellite: Ocean Color
Coastal Zone Color Scanner (CZCS) – Warren Hovis
(NASA and NESDIS)
Challenge: Pre-launch and Post-launch calibration
- “Calibration of solar reflectance bands presented
a problem in that none of the calibration sources
available from NBS could fill the 10-cm aperture
of the sensor in a way to simulate earth” –
Warren Hovis..(1979)

Challenges and Solutions
1970s and 1980s

Solution:
Large Integrating
Sphere with multiple
lamps and large exit
port.

-NBS Effort:
-Developed standards, tungsten halogen
lamp for irradiance and tungsten strip lamp
for radiance for NASA and NOAA.
Uncertainty of calibrations were at few %
level as the lamps are artifacts and degrade
with time. (Partial funding support from
NASA)
- Warren Hovis and collegues at
NESDIS researched diffuse paints for
integrating sphere coatings.
-Their lab was nick named as a home
of shmoos.
-NBS research lead the way to develop
spectralon as the diffuse reflectance
coating material for spheres
-On board solar diffuser standards.

Challenges and Solutions
1970s and 1980s
NBS Effort for Detector based
Radiometry to improve Accuracy
-NBS scientists John Geist and Ed
Zalewski lead detector based radiometry.

-Built an Electrical Substitution
Radiometer (ESR) as NBS pyro
-heliometers with the support of
NASA .
-Utilizing the high quantum
efficiency of Si- detectors, they
developed Si-trap detector as a
standard at 0.1% level of
relative uncertainty.

Challenges and Solutions
1970s and 1980s
Another Challenge at NASA: The Solar Constant
Measurements by the ERB instrument from space on
NIMBUS 6 were 1 ½ % higher than anticipated (1389 W/
m2)
- Several radiometers of the ESR type were built by JPL
flown on a Rocket to measure TOA solar constant and NBS
was involved in establishing the measurement
uncertainty.

-The JPL radiometer measurements showed
1367W/ m2 .
-The ERB measurements were corrected and JPL
radiometers (ACRIM series) were flown on satellites
to keep measurement continuity.

“Rocket calibration of the Nimbus 6 solar constant
measurements” Applied Optics/ Vol. 16, No. 10/October 1977

Challenges and Solutions
1970s and 1980s

Challenges and Solutions
1990s
• Goal: Improve accuracy of
calibrations
-

NASA EOS Project
NOAA POES and GOES projects
NIST (NBS became NIST and got DoD, NASA and
NOAA support to build radiometry capabilities)

- Quinn and Martin at NPL developed an
absolute cryogenic radiometer (ACR)
at 0.05% or better uncertainty for
optical power measurements.
- By 90s NBS(NIST) acquired an Cryogenic
ACR and with tunable lasers the
uncertainty for VIS/NIR calibrations of
detectors for customers dropped from
few % to 0.1%.

Challenges and Solutions
1990s
– NIST built unique High Accuracy
infrared Optical Properties
Measurement capabilities to
characterize filters, mirrors etc. at
cryogenic temperatures. (major
funding from DOD)
– NIST built SIRCUS facility with
tunable lasers to illuminate
integrating spheres and provide
radiance and irradiance calibrations
and transfer standards at 0.1% to
1% level of uncertainty. (major
funding from DOD)
– NIST built transfer standard
radiometers. Example: The SeaWiFS
transfer radiometer for VIS/NIR and
TXR for thermal infrared for
NASA/NOAA/ and Aerospace
Contractors (major funding from
NASA)

Challenges and Solutions
1990s
• VIS/NIR :
– NASA EOS:
• NIST provided radiometers and SIRCUS facility to support
SeaWiFS which is a follow on to CZCS for pre-launch and
vicarious calibration after launch from Marine buoys. (Solution)
• The ACRIM series radiometers and other ESRs in space differ in
measurements from launch to launch in measuring solar
Irradiance. (Challenge)
• NASA funded LASP at the University of Colorado to build an
ESR of a different design (TIM) and NIST supported necessary
measurements of cavity absorptance and aperture area. The
latest calibration and intercomparison results from LASP with
an SI traceable Absolute Cryogenic Radiometer narrows the
differences and explains the on orbit observations. (Solution)

Challenges and Solutions
1970s and 1980s

Challenges and Solutions
1990s
• Thermal IR
– NOAA/NESDIS/STAR
• The PRT temperature measurements of the GOES Internal
Calibration target (ICT) and brightness temperature derived from
GOES sensor calibration at ITT differ by 0.5 to 1 K. Similar
differences were found in AVHRR IR channel calibrations at ITT.
Also the response of GOES short wave IR channels were observed
to be non-linear based on ITT pre-launch calibration. (Challenge)
• The ITT ECT model was suspect and the TXR was deployed to
examine ITT ECT. The TXR data showed that the assumptions in the
ECT model are to be corrected and it explained the differences
observed. Contrary to the assumption the emissivity of the ECT
was not unity and temperature gradients existed in the target.
(Solution)

Challenges and Solutions
1990s

• NIST TXR
deployment to
ITT GOES Chamber

Challenges and Solutions
1990s

• Thermal IR
– NOAA/NESDIS/STAR
• The spectral response functions of the GOES sounders
and the HIRS (High Resolution Infrared sounder) in
POES were suspect as their radiances differed
significantly from values derived from atmospheric
temperature and water vapor profiles. NIST
measurements of the witness samples of GOES and
HIRS filters showed differences that explained the
observations. (Challenge and Solution)

Compare results between NIST and Vendor
Forward calculations with LBLRTM, Mid-latitude summer, clear sky

•NIST measurements show
spectral shift with
temperature as expected
•~3cm-1 difference in center
frequency may cause
scene brightness
temperature error on the
order of 10K (users
typically get ~5K bias
between forward model and
HIRS)

•Technical challenges for
this channel

Ch1 @ 14.95um near the CO2

Q-branch. Stratosphere (25 mb).

vendor

NIST

Estimate the SRF effect w/ LBLRTM
mid-latitude summer atmosphere (diff = vendor – NIST)

SW Temperature
Sounding

LW Temperature Sounding

Ozone, H2O

Challenges and Solutions
2000 to present
• Goal: Improve quality of satellite measurements
to satisfy the requirements to monitor climate
variability.
• CALCON at SDL
• 3 Workshops so far and continuing effort of
scientists from NOAA/NASA/NIST and other
stake holders towards Climate Monitoring.
– first workshop in 2002 addressed the measurement
challenges and instrument calibration needs for
measurement of global climate change variables.

Challenges and Solutions
2000 to present
– A follow up workshop (ASIC3) on recommendations and implementation
strategies was held in 2007. Recommendations:
• SI traceable sensor observations from space - NASA is pursuing CLARREO
• National Calibration Center (NCC) to foster collaboration NASA, NOAA and
NIST to improve satellite data accuracy. - NOAA established NOAA –
National Calibration Center (NCC)
– A special workshop in 2009 to develop strategies for bridging the gap of
observations for a launch delay or failure in time series of Bench Mark
measurements from space. Recommendations:
• Establish SI traceability of all satellite sensors through pre-launch
calibration and on-board calibration using SI traceable standards. This will
enable different sensor data to be comparable and can bridge the gaps. GSICS model.
• Establish the moon as an irradiance at higher accuracy beyond the ROLO
model to use moon as an on-orbit calibrator for reflected solar region to
bridge the gap in any time series.

Challenges and Solutions
2000 to present
– SNO technique from NOAA/NESDIS lead to
the formation of GSICS : intersatellite
intercomparison of observations.
• A report on “The Best Practice Guidelines for Pre-Launch
Characterization and Calibration of instruments..” for SI
traceability was published by NIST/NASA researchers.

– NPP Launched in 2011 (Extensive NOAA, NASA
and NIST interaction on Calibration Effort)
• VIIRS and CrIS had Pre-Launch SI traceable calibrations
with extensive NIST contribution.

Summary
Collaboration in Progress:
– GOES-R : Following best practice guidelines for
Pre-Launch characterization and calibration. SI
traceability and Guide to Uncertainty in
Measurement (GUM)
– NCC Knowledge base for 3 agency interaction.
– Lunar Radiometry – (2012 workshop at NIST with
active participation of NOAA and NASA)

